Child stunting is associated with poor water, sanitation and hygiene (WASH), partly due to the effect of infection on intestinal nutrient absorption. WASH interventions, however, show little effect on growth. A hypothesis is that bacterial contamination of hands and floors from domestic animals and their faeces, and subsequent ingestion via infant hand-to-mouth behaviours, may explain this. This formative study used microbial testing and survey and observational data from 20 households in Ethiopia to characterise principle bacterial transmission pathways to infants, considering WASH facilities and practices, infant behaviours and animal exposure. Microbial swabbing showed the contamination of hands and floor surfaces from thermotolerant coliform bacteria. Animal husbandry practices, such as keeping animals inside, contributed significantly (all p < 0.005). There was no evidence that latrine facilities mitigated contamination across infant (p ¼ 0.76) or maternal (p ¼ 0.86) hands or floor surfaces (p ¼ 0.36). This small study contributes to the evidence that animal faeces are an important source of domestic bacterial contamination. The results imply that interventions aiming to reduce pathogen transmission to infants should think beyond improving WASH and also consider the need to separate infants and animals in the home. Intervention studies will be required to determine whether this reduces infant infection and improves linear growth.
INTRODUCTION
Stunting, water, sanitation and hygiene (WASH) and infection Linear growth failure, or stunting, defined as a z-score (an age-and sex-normalised measure of child height in units of standard deviations) of less than À2, remains highly prevalent among low-income countries. Despite having fallen on a global level, stunting still affects around one in five children (UNICEF and WHO ) and remains a key public health issue, both in terms of infant morbidity and mortality and in loss to national economic productivity (The World Bank ; Martorell et al. ; Black et al. ; UNICEF and WHO ) . Defining the precise causes of stunting remains elusive. While an inadequately diverse and nutrient-dense diet (Black et al. ) likely affects growth outcomes, supplementary and complementary feeding interventions may only improve stunting by a height-for-age z-score (HAZ) of around 0.7 (Dewey & Adu-Afarwuah )far from the average discrepancy of À2.0 in parts of sub-Saharan Africa (Victora et al. ) . Diarrhoeal incidence, another factor correlated with undernutrition (Scrimshaw & Suskind ) , also does not appear to explain a large proportion of the stunting burden: it is estimated that eliminating diarrhoea within the first 2 years of life would increase length by a HAZ score of only 0.13 (Richard et al. ) . Given this marginal impact, it is apparent that other aetiological factors remain which have not yet been addressed to tackle early growth faltering. The five main faecal-oral routes of transmission are described in the 'F diagram' (fluids, fingers, fields, flies and food)proposed some 60 years ago as an important map of causes of enteric infection (Wagner & Lanoix ) . and hand-to-mouth contact appears to result in significantly higher faecal intake in IYC than consumption of stored water (Mattioli et al. ) . While direct ingestion of faeces is more rare, IYC frequently place soil in their mouth or put their hands in their mouths after touching soil (Ngure et al. 
MATERIALS AND METHODS

Study sites and sampling frame
Formative research is intended as an initial part of the process of a larger study design and can use both qualitative and contamination, but the integral relationship with those three components and microbial ingestion. Adapted alongside the 'F diagram', as published by Wagner & Lanoix (1958) . Observations of animal faeces and other hygiene markers were also visually assessed by the researcher, including cleanliness of caregiver and infant hands, which were visually inspected for visible dirt on the palms and underneath nails.
Survey and infant observation period
General infant cleanliness was also noted by observing visible dirtiness of infants' clothing and skin.
Microbiological analysis
Microbial 
Ethics
Infants and their caregiver were visited in the home between the hours of 10:00-12:00 pm and 14:00-16:00 when the infant was most likely to be awake and playing. Households were visited unannounced to avoid researcher bias. However, at the start of the household visit, free and informed consent of the participants was obtained. To do this, the study was introduced by the field team and the HEW, and an informed consent statement was read to the caregiver in their first language of Amharic or Sidamigna (Sidamo). 
RESULTS
Survey results
The WASH survey asked questions regarding infant characteristics, diarrhoea prevalence and episode duration (as described), latrine ownership and use, handwashing and animal husbandry practices. Briefly, most houses had a pit latrine either with a slab (40%) or without (30%). The remainder (20%) had no toilet at all (assumed to openly defecate) or used the toilet of a neighbour (10%). Only five (25%) households had a specific place to wash their hands; of those, all households had water available, but only three (15%) had soap (in two instances visual inspection indicated the soap was likely not used). Seventy per cent of households raised animals of some kind, with the most common chickens (93%) and cattle (71%). When asked where animals lived during the day, only one household reported that their animals lived outside enclosed in an area, with the rest kept outside either unenclosed or living inside with the family, suggesting that animals were mostly uncontained. One hundred per cent of households reported that during the night animals lived inside with the family. Regarding diarrhoea prevalence, three infants (15%) were reported to have experienced three or more loose stools within a 24-h period; across these infants, the reported mean duration of a diarrhoeal episode was 3.3 days. Table 1 illustrates these findings along with general hygiene characteristics of the infant's environment.
Infant observation period results
Nineteen infant-caregiver pairs were observed for 20 h during the infant observation period. Infants were frequently observed to mouth their own hands (a mean of 31 times over 1 h), or to mouth those of their caregiver (mean of 21 times over 1 h), which in the majority of instances were both visibly dirty (90% and 86%, respectively). Throughout the observation, infants would typically have nothing to play with other than a plastic bottle, which may explain why infants were observed to frequently suck their hands or those of their caregiver. Animal faeces were directly ingested by two infants, and the floor surface material was also picked up and directly entered into the infants' mouths on seven occasions. were often in the house during the observation and were rarely separated from the living area other than by a rudimentary wooden beam. Thus, animals tended to occupy the same space as the infant and were frequently around them at play.
Microbiological data
Samples from the inside floor surface showed the highest bacterial count with a mean TTC CFU/dry g of 76.5
(1.88 log 10 ). The higher count in the floor sample may reflect the typical presence of animals inside as well as the common occurrence of animal faeces. High counts in the domestic floor sample are significant, given the sample was collected within crawling reach of the infant and was observed to enter the infants' mouths and contaminate their hands. Infant hand contamination showed a slightly higher mean count than those of their caregiver (mean TTC CFU/hand 33.3 (1.52 log 10 ) versus 23.6 (1.37 log 10 ), respectively) (p < 0.005, data not shown). This is unsurprising in a context where infants were frequently crawling on the floor and touching and mouthing objects, which were usually visibly dirty (Table 1) . The relationship
between key vectors and transmission pathways, as measured by microbial testing, is presented in Figure 2 .
The p-values presented are from a t-test that assessed any statistically significant differences between TTC CFU counts on hands and between floor surface samples and key transmission pathways. The data, illustrated by the striking differences in the box plot figures, indicate that levels of TTC were much greater in households than raised livestock and where livestock were kept indoors. Infants and caregivers who lived in a house which raised animals showed a significantly higher hand TTC CFU count than those who did not (Figure 2 , graphs 3A [p < 0.005] and 3B [p < 0.005]), and the floor surface TTC CFU count was also higher in these households (Figure 2, 
Study limitations
This study presents some limitations. Firstly, the small sample size in this study of 20 infants/households would not have comprehensively captured variability in TTC contamination across pathways, which likely varies considerably. As is noted elsewhere (Navab-Daneshmand Secondly and relatedly, it was not possible to determine the origin of TTC bacteria. As such, it is possible that the bacteria detected in animal-rearing households were of human origin. However, given the lack of human faeces observed within homes versus the high prevalence of animal faeces, and the correlation between animal-rearing households and TTC counts across different measures, we have confidence in supporting the theory describing a link between animal practices and environmental contamination. This is also backed up by broader studies ( In this study, poultry was likely a key factor in contamination levels due to their common presence in the homeof concern given demonstrated associations between poultry faeces, diarrhoea (Yeager et al. ; Zambrano et al. ) and poor growth (Headey et al. ) .
In this study, even in households with a latrine (improved or other) contamination was still common, suggesting that even with sufficient sanitation infrastructure the presence of animals within the home may propagate contamination.
In one study in Bangladesh, while households with fewer contaminated toys and objects were those with high latrine coverage and WASH infrastructure (Torondel et al. ) , the absence of animals was highlighted as a possible noteworthy factor to low levels of contamination (Penakalapati et al. ) . In this study, it is possible that latrines were not 
